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Abstract

There are Sgnificant problems with urban sormwater management practices using current detention,
infiltration and bioretention methods. The main problem with current detention methods is thet they do not
meet current environmental protection goa's because they fail to adequately address sormwater volume and
qudity. The main problem with current infiltration and bioretention methodsiis that they do not meet flood
control goas because they fail to adequately address ssormwater peak flow rates whenrainfall events
occur in which the peak flow rate does not correlate with the specific design storm. What is needed
isagte-based urban sormwater management strategy that will meet both our environmenta and flood
control goas. This paper introduces a newly developed sormwater management strategy that provides a
practical, comprehendve and integrated approach to preserving predevelopment scormwater flow rates,
quality, volumes, frequency, and duration This new strategy is based on Site-based systems that treat non-
point pollution and split runoff into relaive portions based on existing hydrologica conditions.

Introduction

In the past, different stormwater management systems have been designed to reduce downstream flooding,
reduce non-point source pollution, recharge groundwaeter, and prevent stream degradation. The plit-flow
drategy is one system designed to do dl these things by preserving the predevelopment site hydrology. The
result is amanagement srategy that separates out and retains or infiltrates precisdy the runoff volume
crested by development while the natura runoff that existed before development is cleaned and discharged
downstream. Asflash flows are maintained a predevelopment levels and fird flush is captured on site, the
reduction in downstream degradation should be quite substantid. A complete explanation of the
development, design and application of the split-flowstormwater management strategy can be found in
Flit-Flow Method: Introduction of a New Sormwater Srategy, in Sormwater, July/Aug., Echals, S.
(2002) or online at http:/mww.forester.net/sw_0207 _split.html.

This paper will summarize:

What are distributed salit-flowsystems?

What are the benefits to be gained through their gpplication?

When can digtributed split-flowsystems be best utilized?

What are the hydrologica cdculations needed to design these systems?
How can these systems be used to meet current ssormwater regulations?
What are the best methods for integrating these systemsinto Ste design?
How can these systems help guide evolving stormwater policy?

NoukrwbdpE

What aredigtributed split-flow systems?

The basic premise of plit-flowstormwater systemsisthat rainfal can be divided into three portions specific
to any given design storm based on exigting conditions for evapotranspiration, infiltration and natura runoff
volumes and that these portions can be filtered, distributed and redirected respectively into bioretention,
recharge and downstream discharge. The traditiona objective of sormwater management systems has been
to control the peak flow rate for specific desgn sorms. However, the primary objective of split-flow
systemsis presarving the predevel opment hydrologica conditions by retaining and or infiltrating the total
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volume difference created by development and thereby controlling peek flow ratesfor dl design storms.
Thefirg two objectives are to lengthen the time of concentration and control the firgt flush by emulating the
reduction in runoff adsorbed in the predevel opment initid abstraction. This reduction in runoff is most

easly emulated using exigting bioretention techniques sized to capture the firgt flush. The basic methods of
designing bioretention systems as awater qudity practice usng plants and soils to remove stormwater
pollutants are outlined in the Prince George' s County Government published the Design Manual for Use of
Bioretention in Stormwater Management prepared by Engineering Technologies Associates, Inc., and
Biohabitats, Inc., and subsequent publication explaining Low Impact Devel opment methods including the
Low-Impact Development Manual (2000) devel oped by Prince Georges County, Maryland Department of
Environmental Resources under the direction of Larry Coffman. In Split-How systems, runoff isfirst
directed to a bioretention facility where the designated first flush volume of contaminated stormwater is
retained by mulch, soil and plant materid. Such bioretention facilities can be designed as separate off-line
fecilities to assure that the firgt flush pollutantsis not re-suspended and released downstream.  Excess runoff
greeter than the designated firgt flush is filtered through the bioretention facility and directed into

proportiond splitters where it is divided into diversion and bypass volumes based on specific

predevel opment infiltration and runoff rates. The double weir splits the runoff so that the portion of post
development hydrograph created by buildings and impervious surfaces is diverted into distributed

infiltration facilities and the pre-exigting runoff flows are routed downstream. This method most closdy
recreates the pre-development hydrograph for the desgn sorm as shown in figure 1.

VOLUME FROM DEVELOPMENT

RATE

TIME

Figure 1 — Runoff volume caused by development above pre-devel opment pesk flows.

To infiltrate the totd difference in volume for dl design sorms using adouble weir and distributed
infiltration facilities, one weir would be designed to emulate the predevel opment runoff while the second
weir would be designed to emulate increase in runoff caused by Ste development. This concept is easily
conceptudized asaleve curb with two Vee-notch weirs sized for the bypass and diversion flow rates as
shown in figure 2.
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Figure 2 - Level roadside curb with two Vee-notch cuts of different Size corresponding to conceptua
hydrographs for small and large flows.

Aswater backs up againg the curb, it is split into two volumes proportiond to the weir openings as it passes
through the curb. The proportional flow splitter gpparatus can aso be comprised of a drop-inlet or other
water conveyance device with two Vee-notch welrs designed in specific proportions to the predevel opment
rates of sormwater infiltration and runoff. The diverson volumeis directed into digtributed infiltration
facilities and the bypass volumeis cleaned and directed to an existing drainage outlet.

What ar e the benefitsto be gained through the application of distributed split-flow systems?
Stormwater management, asit is often practiced, satisfies the Sngle purpose of storing runoff and rleasing
it at flow ratesthat do not exceed the pre-development pesk flow rates. Thisisgeneradly intended asalocd
flood control practice. The processis most often accomplished by detention structures designed to hold the
increase in runoff, and outfal structures designed to release water at specified discharge rates. This
practice, however, fails to addressissues such as: (1) downstream flooding from combined detained flows;
(2) groundwater and stream base flow depletion; (3) decreased wildlife habitat; and (4) non-point source
pollution. This current concept of stormwater management by delayed discharge is flawed because the
combined effect of different detention facilities often causes downstiream flooding while Smultaneoudy
depleting groundwater and stream base flow. Stormwater management Strategies that include some form of
infiltration can satisfy the gods of mitigeating effects of impervious surfaces and maintaining pre-

development runoff characterigtics. Asaresult, on-Steinfiltration currently offers the grestest opportunity
for solving our urban runoff and non-point source pollution problems.

Themost logicd and practica system of responsible sormwater management isto sustain the natura flow
rate and volume of stormwater runoff by duplicating pre-development runoff hydrographsin post-
development conditions. In theory, pre-development runoff conditions can be duplicated after development
using exigting infiltration based Best Management Practices (BMPs) such as porous pavement, dry wells,
infiltration trenches, basins, etc. However, on-site infiltration is not widely accepted in current practice asa
viable sormwater management concept because of short-sighted past infiltration practices. Therefore,
urban runoff problems continue to be addressed by designing ssormwater detention systems. Adaptations of
these traditional Sormwater management strategies have had limited success in protecting aquetic
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environments, because they are smple modifications of techniques intended to control pesk flow rates and
are not intended to address issues of ecological protection. An dternative sormwater management strategy
is needed that will gpproach stormwater as an environmenta resource and be compatible with land

devel opment practices.

There are multiple sormwater management benefits to be gained through the application of such an
dternative gormwater management strategy including:

reducing on-Ste and downstream flooding

reducing flooding caused by combining detained runoff
reducing Ste and regiona stormwater systems cost
reducing duration of pesk storm flows

reducing soil erosion, downstream scouring and silting
reducing non-point source and thermal pollution
replenishing groundwater

restoring downstream base flow and wildlife habitats

. enhancing esthetics and recreationa opportunities

O improving safety by dimination of detention basins

BoOooo~NoOa~wWwNE

When can digtributed split-flowsystems be best utilized?

Prdiminary sudies gill under way show that alit-flowsystems can be designed to fit on steswith an
impervious surface coverage of up to 80%. These systems can often be designed to fit within the space used
for exigting detention basins. This would, however, not meet the goa of digtributing recharge throughout a
dte. The more distributed a system is, the more it costs because of increased piping to convey bypass flow
to adischarge point and less efficient use of infiltration facilities compared to clustering them in one

location. This highlights a need for design standards to help assure that split-flow sysemswill be used to
preserve aste s natura hydrology and not smply used to create more land for building on each Site. Sites
usng solit-flowsystemns need to incorporate open space immediately down dope from impervious aress.
These sites should aso be designed with open space distributed throughout the development. 1dedlly,
developments can be designed such that most paved surfaces are built with porous materia and the split-
flow systems are only needed to control runoff from bulldings. The Salit-flowstrategy’ s decentrdized
design aso creetes additiona design flexibility, as suitable locations for large Ssormwater facilities become
alow priority. An additiond advantage of the split-flowstrategy is that once caculations are complete,
slit-flowsystems are smple to design because each impervious area can be designed separately. Thereis
no need to run routing models commonly used to Size detention systems as long as the split-flow facilities
do not overflow into each other. Providing an overflow drainage system to existing discharge outlets
prevents the potentia for the facilities to overflow into each other. This ability to design each stormwater
facility separately dlows smple revisons if development plans are changed or phased. Even yearslater as
residents add more impervious areas such as additions, out buildings, or surfaces, Jlit-flowfacilities can be
added to maintain the predevelopment hydrology. Simple regulations need to be written that specify the
size of glit-flowfacilities based on square footage of new impervious areas created by landowners. This
would even dlow easy retrofits to restore a Site's naturd hydrology years after a development is completed.

What arethe hydrological calculations needed to design these systems?

The bypassweir is Szed for pre-development pesk flow rate and the diverson weir is Szed for the
difference in pre and post development peek flow rate. Using a chart such as the Vee-notch weir
nomograph shown in figure 3, each weir can be sized based on identical head and different flow rates.
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Figure 3 - Vee-notch weir nomograph showing flow rate, hydraulic head, and corresponding Vee-notch weir
angles.

For example, if the pre-devel opment peak runoff rate is 5.6¢fs and the post-development peek runoff rateis
8.5¢fs, the bypass weir would be sized for 5.6cfs and the diverson weir would be sized for 2.9cfs. Using
the V ee-notch weir nomograph, the bypass weir angle could be 120 degrees and the diverson weir angle
could be 90 degrees as long as the weirs are constructed at the same eevation.

Thetotal volume difference between pre- and post- development design storms can be calculated with the
equation:
(post Qp x ToC x 80.1) — (pre Qp x ToC x 80.1)

while the tota volume for the bypass can be ca culated with the equation:
pre Qp x ToC x 80.1.

However, the key to success with a ormwater management system based on this strategy isto ingtall
proportiond flow splitters for each impervious surface and digtribute the flow from the diverson weir into
individud infiltration facilities. This requires that the flow splitters be designed to divide the runoff from

each of these surfacesinto portions that emulate the predevel opment runoff flows and the differencein
predevelopment and post development flow for each individua surface which will not be the same asthe
ratios for the entire drainage area. Thisis done by szing each individua pair of Vee-notch weir anglesfor
the proportiond flow splitters based on the predevel opment runoff and the increase in runoff caused by each
individud impervious surface. The volume of runoff that needs to be infiltrated for each individud
impervious surface can be ca culated with the equation:

Volume = individual impervious surface area x ((post Qp x ToC x 80.1) — (pre Qp x ToC x 80.1)) /
total on-site impervious surface area)

This volume should be based on the largest design storm chosen according to the acceptable level of flood
risk for the gte desgn. This alows the sormwater management system for each impervious areato be
designed independently based on unique sSite conditions.

How can these systems be used to meet current stormwater regulations?

Traditiond sormwater management regulations require peek flow rates be maintained at predevel opment
levels. New regulations also regulate tota maximum daily loads for nor+point source water pollution. A
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few regulations address some leve of runoff volume reduction but do not require runoff volumes be
maintained at predevelopment levels. Split-flowsystems, however, are based on the premise that we can
recreate predevel opment runoff rates, volume and qudity in urban development and that preserving the
existing hydrology is a better way to manage sormwater. Thisis a change from traditional scormwater
management practices designed to accommodate development by disposing of runoff as quickly asfeasible.
Many stormwater regulations currently place runoff in the category of flood hezard planning based on the
view that sormwater is ausdess and unwanted byproduct of development that should be collected and
removed as quickly as possible. Thisis accomplished through systems of inlets, pipes, and basins that
decrease infiltration, stream baseflow, groundwater recharge, and degrade water quality. However,
stormwater can aso be viewed as a renewable natural resource that sustains our streams, replenishes our
lakes, and recharges our ground water supplies. This renewable public resourceis owned by dl of us a
result of anatural process, used as an economic resource, and has an enormous impact on the quality of
other ecosystems. Asa public resource, it's pogitive and negative economic externdities need to be
acknowledged. If gtes are properly designed, this resource can be managed to prevent flooding aswell as
safeguard our lakes, streams and groundwater. If Site are not properly designed, this resource will flood
downstream properties and destroy aquatic ecosystems. Hence, abasic god of this dternative sormwater
management srategy is to meet our environmenta gods and work within our land devel opment needs by:
(1) not increasing down stream flow rates, (2) reducing nor+point source water pollution, (3) recharging a
predevelopment rates, and (4) not polluting our ground water. In theory, if runoff volumes were maintained
throughout the Site at predevel opment levels, pesk flow rates would also remain at predevelopment levels.
It could, however, be difficult at thistime to convince local sormwater regulators that controlling runoff
volume will control peak runoff rates. Further studies using in ground testing will be needed to show how
these sysems will perform under actua development conditions.

What arethe best methods for integrating these systemsinto site design?

The crucid dement for success with the split-flow sormwater management strategy isto ingdl smal flow
glittersfor individua paved surface and didiribute the runoff into multiple smal- distributed infiltration
facilities. Thisisbest done by szing each proportiona flow splitter on the increase in runoff caused by
each impervious surface. For example, abuilding erected on land with a runoff coefficient of 70 would
require the weir angles designed for 7 cfsand 4 cfs. Thiswould result in one weir having a 90° Vee-notch
angle while the other weir would have a60° Vee-notch angle. These flow splitters can then be distributed
throughout the site in existing open space or landscape idands as shown in figure 4.

Raised Drop Inlet From Bioretention Area

To Downstream

Figure 4 — Example split-flowfacility: depressed landscape idand in parking lot with bioretention area, raised
drop-inlet flow-plitter, underground infiltration chamber for diverson flow and bypass to downstream
outlet.
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Thisratio could be used in dl the flow splitters used for impervious surfaces on Site to control the peak flow
rates for the entire development. Similar ratios can be derived for other runoff coefficients or other runoff
methods. An advantage of the olit-flowstrategy isthat the volume to beinfiltrated is precisdy the same as
the excess runoff created by the development and not any larger asin other infiltration and bioretention
methods. Thisis especidly important on Steswith clay soils where very little water recharges naturdly.
The proportiond flow splitter would assure that the same volume and no more would need to be infiltrated
into the ground after development in order to control the pesk flow rates. A second advantage of this
drategy isthat the volume to be infiltrated is adjusted by the flow splitters for each storm and not based on a
specific design storm. However, without adequate distribution on sSite the system will not work because
there mugt be sufficient soil areafor the diverson volume to able to infiltrate in a reasonable time.

Therefore, many smdl split-flow facilities need to be placed throughout a site as shown in figure 5.

Figure 5 — Example plan with location of Split-Flow facilities. Impervious surfaces are outlined in blue. The
underground infiltration chambers are shown as smdl blue rectangles while above ground bioretention
facilities are shown in green. Thin blue lines show which impervious areas and buildings are directed to
which golit-flow fadilities

This concept will succeed in controlling peek flow rates where other infiltration and bioretention Strategies
have not because the amount of sormwater to be infiltrated in each facility is carefully controlled and it is
never concentrated in large quantities. The sormwater management system will till control the pesk flow
rates by distributing and infiltrating the difference in volume over the entire Ste,

How can these systems help guide evolving stormwater policy?

Many communities have implemented stormwater utilitiesto pay for building storm sewers and runoff
treatment facilities. Some communities base their fees on impervious surface areas for each property.
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Many of these communities aso alow reasonable reduction in fees based on reduction in volume, which
will hopefully encourage more environmentaly responsible sormweater management practices. |f a builder
ingdls a system to control the runoff rate and volume and can demondtrate there is no change in the
exigting hydrology, the fee could be waived. This can provide an incentive for developersto ingall
environmentaly responsble sormwater management systemsif the costs are reasonable. A preiminary
study shows that split-flowsystems would likely cost the same or less to build than detention systems.
Slit-flowsystems would provide non-point source pollution and flood control benefits to the community,
aswdl as lower the owner’s annual operation cost by diminating the annua stormwater utility fees. Asa
result, the split-flowstrategy can provide a reasonable financia aternative to existing detention practices,
which could become afinancid incentive for developers to ingtal more environmentaly responsible
stormwater management syslems. Maintenance costs should be the same as existing bioretention systems,
however, further research is needed.

The golit-flowstrategy intends to preserve the predevel opment site hydrology by duplicating year-round
naturd infiltration volumes. Water baance studies indicate that spring flooding results when the ground is
saturated from winter precipitation stored in the soil and the soil’ s water absorption capacity is greatly
reduced causing increased runoff. The Solit-flowstrategy would emulate these conditions and therefore
likely infiltrate less precipitation during the spring flooding season. Detention systems, on the other hand,
are not designed for, or affected by, soil infiltration capacity, which changes during the year. In effect,
split-flowsystems could reintroduce locd stream flooding that may have been prevented with detention. As
aresult, aquestion arises regarding the conflict between the wisdom of restoring natura processes, which
could include loca spring flooding, versus ingaling detention systems that could artificialy control loca
spring flooding but destroy aquatic ecosystems. Conversdly, development has aso been shown to cause
increased year-round flooding and multiple detention systems can combine and elevate these floods
depending on how the basins outflows combine downstream. As stated, the Salit-flowstrategy isbased on
the premise that preserving the natura hydrology is a better way to manage sormwater. However, the land
development industry has hitorically operated under the strategy that we should modify naturd systemsto
accommodate development rather than modify development practices to accommodate natural systems.
Changing these basic beliefs and operation procedures will likely require numerous long-term
demondiration studies.

Conclusion

The god of this paper is not to clam excdlence of one sormwater management method over another but
rather to contribute an additiona management option that hopefully can start to change our sormwater
management expectations. The intent isto demondtrate that a viable sormwater management strategy can
be derived from the premise that preserving the naturd hydrology is a better way to manage sormwater and
that modifying land development practices to accommodate natura systems can be more effective than
modifying natural systems to accommodate |land devel opment practices.

The golit-flowstrategy, however, is dtill atheory that needs in-ground testing to discover what problems will
result in the design and congtruction processes. For example, including construction erosion and sediment
control measures on sites with split-flowsystems will create addition design chalenges. Current design and
congtruction practices incorporate temporary sediment basins in the location of future detention facilities.
These temporary sediment basins are then converted to detention basins when construction is completed.
However, lit-flowsystems do not need detention basins. Therefore, other erosion and sediment control
solutions will be needed during congtruction. Possible solutions include: use dternative prevention and
control methods that do not require sediment basins, build temporary sediment basins that can be converted
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into bioretention facilities when congtruction is completed, or build temporary sediment basins esawhere on
stethat can be removed after congtruction is completed. Regardless of what methods are used for eroson
and sediment control, the solit-flow systems should not be activated until the Steis completdy stabilized.
Additiona research will be needed as other site design and congtruction implications arise.

Preiminary research shows that split-flow systems can be comparable in construction cost to detention
systems depending on the complexity of the sormwater designs. Findings show that solit-flow infiltration
practices can often be used to lower the cost of on-gite sormwater management and provide a higher level
of environmenta protection. Findings aso indicate that non-point source water pollution reduction
objectives currently achieved by other infiltration and bioretention strategies could be more cost effective
condruction using the lit-flowstrategy. Notable implications that need to be addressed with further
development of the split-flowstrategy include: sormwater policy, Site design and construction practices,
runoff modeling and environmenta concerns.
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